| INTRODUCTION
The New Delhi metallo-lactamase (NDM-1) gene encodes an enzyme that hydrolyzes and inactivates some drugs conferring resistance to a wide range of β-lactams, including penicillins, cephalosporins, and carbapenems. 1 The gene is plasmidial, with its presence described in many bacteria of the family Enterobacteriaceae and non-fermenting
Gram-negative rods in most continents around the world, becoming an important public health problem worldwide due to its impact clinical and economic. 2, 3 Although the exact geographical origin and the precise moment for the appearance of the bla NDM-1 gene are unknown, the first clinical sample carrying this gene was recovered in 2009 from a Swedish patient who previously (2007) had an episode of hospitalization in the city of New Delhi, India. 1 Subsequently, Kumarasamy et al 4 showed the presence of the bla NDM-1 gene in Enterobacteriaceae in India, Pakistan, the United States and the United Kingdom. Although highly sensitive molecular diagnostic methods have been proposed, they remain expensive and laborious and require technical training, as well as specific facilities and equipment, making it difficult to use them in routine hospital clinical laboratories. 5, 6 Loop-mediated isothermal amplification (LAMP) is a new technique for the specific amplification of nucleic acids.
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LAMP overcomes some of the drawbacks and limitations of PCR and has been widely used in the diagnostic testing of infectious agents. The method is very specific due to the use of six primers that identify eight regions of the target sequence. The sensitivity of the method for detection of target sequences is 10 times higher than PCR. The reaction time of LAMP is shorter than PCR because LAMP is carried out isothermally (60-65°C) and the amplified product is observable without electrophoresis. In addition, LAMP is less expensive than other molecular diagnostic methods because it does not require a thermal cycler. 8 Therefore, in view of the epidemic relevance of the presence of bla NDM-1 , the aim of this study was to standardize a rapid molecular diagnostic technique for this gene using the LAMP technique due to its low cost and easy execution.
| MATERIALS AND METHODS

| Bacterial strains
To evaluate the specificity of the LAMP assay for detecting bla NDM-1 , a total of 14 bacterial strains isolated from bronchoalveolar lavage of patients with suspected pneumonia associated with mechanical ventilation. All strains included in this study were positive to different ß-lactamases genes, and it was previously evaluated for the bla NDM-1 presence by PCR ( Table 1 ).
The K. pneumoniae ATCC BAA-2473 and two clinical isolated strains, NDM-1 producers (K. pneumoniae and Providencia stuartii), were used as positive controls.
| LAMP assay
The LAMP reaction was carried out using Kit Bst 2.0 DNA Polymerase (New England Biolabs, Beverly, MA, USA) in a 25 μL volume reaction. 7, 15 The reaction mixture contained a set of six prim- 
| Primer design
Candidate LAMP primer sets were designed from the nucleotide sequences of bla NDM-1 (GenBank accession numbers KX999121-1) using
Primer Explorer V4 software (https://primerexplorer.jp/lamp4.0.0/ index. html) ( Table 2 ).
| DNA extraction
Total bacterial DNA was extracted by thermal lysis. For this, were previously reported. 17 The products amplified by LAMP and PCR were electrophoresed on a 1% agarose gel, stained with gelRed and visualized under UV light.
| RESULTS
| Conditions assessed for LAMP bla NDM-1 standardization
We identified the optimal temperature for efficient LAMP-based amplification by incubating the reaction mixture at 60-69°C.
Measurements showed that the optimal temperature for amplification was 60°C. It also analyzed the amplification time, 45 min being the best for the reactions. The final concentration of the reagents and other parameters used for the reaction are shown in Section 2.2.
| Specificity of NDM-1 LAMP
We evaluated the specificity of the LAMP assay for detecting bla NDM-1 producers by assessing its reactivity with strains producing other types of β-lactamase. As shown in Table 1 , we observed that the LAMP assay specifically amplified DNA from NDM-1 producers, but not from any of other type of β-lactamase and the negative control (distilled water).
The accuracy of this amplification was confirmed by sequencing the amplified products using the internal primers. The sequences obtained were identical to the expected nucleotide sequences from bla NDM-1 .
Thus, the assay was highly specific for detecting bla NDM-1.
| Sensitivity of NDM-1 LAMP
The sensitivity of the LAMP assay for the detection of bla NDM-1 was 
| DISCUSSION
Since its discovery in 2008, New Delhi Metallo-β-lactamase-1(NDM-1)-producing Enterobacteriaceae has been spread globally, facilitated predominantly by intestinal colonization. It is believed that fecal-oral transmission plays an important role on it, by food, water, and hand contamination. 18 Asian continent serves as the major reservoir of NDM producers, with around 58.15% abundance of NDM-1 variant distributed mostly in China and India. 19 Europe shows around 16.8%
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T A B L E 2 LAMP primers used in this study F I G U R E 1 Representative images of agarose electrophoresis gel of PCR and LAMP reactions for bla NDM-1 evaluation. (A) PCR for bla NDM-1 (B) LAMP for bla NDM-1 . CN: negative control; CP: positive control; 1: K.pneumoniae strain; 2: Providencia stuartii strain of the total producers, with the maximum spread of NDM-1 variant in Bulgaria, Romania, Poland, France, Italy, Turkey, Germany, Greece, Serbia, London, Ukraine, Croatia, Azerbaijan, and Ireland. 19 American continent shows around 10.8% abundance of the total NDM-1 producers as reported globally, of which subcontinent Brazil serves as the major reservoir. 19 In addition, the antimicrobial choice for NDM-1 positive bacteria is limited and requires a weighted risk and benefit analysis of the available agents. 20 NDM-1-producing microorganisms often carry other resistance enzymes including ESBL and AmpC β-lactamases, making the most of the available antibiotics inactive. 12 These findings confirmed the need for improvements in sanitary conditions such as a public health intervention, rapid diagnostic tests, and easy execution.
13
The LAMP technique is considered as an excellent amplification and detection technology demonstrating many advantages when compared with traditional detection methods. 21 The LAMP assay is from 10 to 100 times more sensitive than PCR, with a detection limit of 10 copies, moreover, with the DNA can be amplified 10 Brazil. 29 The gold standard for the identification of carbapenemase producers and for the specific detection of bla NDM-1 is molecular tech-
nique.
12 This study demonstrated the efficacy and sensitivity of using the LAMP technique for the detection of positive samples for NDM-1.
When carbapenemase is suspected, PCR is the fastest way to detect these genes, with techniques such as real-time PCR and commercial DNA arrays (Check Points) being useful alternatives. 30 Although these tests are specific and show high sensitivity, they depend on expensive equipment and expertise in analyzing the results. LAMP is a technique that can be performed without the use of thermocyclers, the amplification time is much shorter than other molecular techniques, with the benefit of not losing its sensitivity and specificity, low cost and easy execution can be an excellent epidemiological surveillance tool, especially in endemic countries.
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